This article contains further data and information from our published manuscript [1] . We aim to identify significant transcriptome alterations of total normal human thyroid vs. histologically normal thyroid adjacent to papillary thyroid carcinoma. We performed a systematic meta-analysis of all the available gene expression profiles for the whole organ also collecting gene expression data for the normal thyroid adjacent to papillary thyroid carcinoma. A differential quantitative transcriptome reference map was generated by using TRAM (Transcriptome Mapper) software able to combine, normalize and integrate a total of 35 datasets from total normal thyroid and 40 datasets from histologically normal thyroid adjacent to papillary thyroid carcinoma from different sources. This analysis identified genes and genome segments that significantly discriminated the two groups of samples. Differentially expressed genes were grouped and enrichment function analyses were performed identifying the main features of the differentially expressed genes between total normal thyroid and histologically normal thyroid adjacent to papillary thyroid carcinoma. The search for housekeeping genes retrieved 414 loci.
1. Data
Database searching and database building
The systematic search performed in gene expression data repositories retrieved 35 datasets from 10 microarray experiments on the total normal human thyroid and 40 datasets from 4 microarray experiments on the histologically normal thyroid adjacent to papillary thyroid carcinoma. The 35 datasets of the total thyroid were already used in Ref. [1] . Sample identifiers (GEO and EBI ID numbers) and main sample features are listed in the Supplementary Table 1.
Total normal thyroid vs. histologically normal thyroid adjacent to papillary thyroid carcinoma transcriptome map
The differential transcriptome map was performed integrating 35 datasets from total normal human thyroid [1] and 40 datasets from histologically normal thyroid adjacent to papillary thyroid carcinoma. The 35 datasets included in the Pool A folder provided reference gene expression values for 25,574 loci coming from 947,816 data points (data from Ref. [1] updated after the analysis with TRAM 1.3 software version), the 40 datasets included in the Pool B folder provided reference gene expression values for 24,699 loci (Supplementary Table 2 ) coming from 1,917,840 data points, and the differential Specifications Table 3 ) common to both pools ( Fig. 1) . At single gene level, the known gene HTN3, encoding for histatin 3, has the highest gene expression ratio (360.91) followed by STATH, encoding for statherin (gene expression ratio¼324.27), HTN1, encoding for histatin 1 (gene expression ratio¼240.67), SMR3B encoding for submaxillary gland androgen regulated protein 3B (gene expression ratio¼128.73) and ZG16B encoding for zymogen granule protein 16B (gene expression ratio¼116.25) ( Table 1 ). These 5 genes are over-expressed in total normal thyroid and have a very low expression value in the histologically normal thyroid adjacent to papillary thyroid carcinoma (Table 1) . Fifty genes have a gene expression ratio between 10 and 100 ( Table 1) .
The genome segment that has the highest statistically significant expression value is on chromosome 4 (4q13.3) ( Table 2 ) including the over-expressed known genes (STATH, HTN1, HTN3, SMR3A, SMR3B, MUC7). There are no significantly under-expressed segments.
Functional enrichment analysis
The results of functional enrichment analysis, performed by "ToppFun" from the "ToppGene Suite" Gene Ontology tool, of over-and under-expressed genes (with expression ratios between 1.30 and 10.00 and 0.69 and 0, respectively) in the total normal thyroid vs. histologically normal thyroid adjacent to papillary thyroid carcinoma differential transcriptome map, are shown in Table 3 and Table  4 . Input gene lists included 5,012 out of 6,686 over-expressed and 4,258 out of 4,854 under-expressed genes resulted following exclusion of all the EST clusters (Supplementary Table 3) . Fig. 1 . Meta-analysis study design. A search for thyroid tissue gene expression profiles was performed on the online databases GEO and Array Express. It was followed by the selection of experiments and samples according to the inclusion and exclusion criteria, the import and elaboration of data by TRAM software, and the generation and analysis of the whole normal thyroid, histologically normal thyroid adjacent to papillary thyroid carcinoma as well as of the whole normal thyroid vs. histologically normal thyroid adjacent to papillary thyroid carcinoma transcriptome maps. PTC: papillary thyroid carcinoma. 
Housekeeping gene search
In the histologically normal thyroid adjacent to papillary thyroid carcinoma transcriptome map, the search for housekeeping genes with the described criteria (Methods section) retrieved 414 loci, including the known genes RPL41, and TG, encoding for ribosomal protein L41 and thyroglobulin, respectively, having low standard deviation (SD), the highest expression values and a high number of data points (n¼40) ( Table 5 ). This search did not give the same results of total normal thyroid transcriptome map (see Table 4 [1]). The two transcriptome maps have in common only seven genes: ACTG1, BLOC1S2, DIABLO, OCIAD2, GTPBP6, EIF2B2, AKR1B1.
Experimental design, materials and methods

Database search and selection
Gene expression data repositories were systematically searched for any single human thyroid sample available from subjects explicitly stated as "healthy" or "normal" as previously described [1] . The criteria for inclusion or exclusion in the analysis of each retrieved dataset were as previously described [2] . In addition, datasets from histologically normal thyroid adjacent to papillary thyroid carcinoma were collected when available in the experiments retrieved as described.
TRAM analysis
TRAM software [3] allows the import, decoding of probe set identifiers to gene symbols via UniGene data parsing [4] , integration and normalization of gene expression data recorded in the GEO and ArrayExpress databases or in a custom source in tab-delimited text format for the generation and analysis of transcriptome maps [1, 5] . Furthermore, it creates a graphical representation of gene expression profiles along the chromosomes and determines the statistical significance of differential expression of chromosomal segments through hypergeometric distribution [3, 6] .
The most current version of TRAM has been used (TRAM 1.3, set up on November 11, 2017) [5] . Pool A was composed of whole normal thyroid tissue datasets, while Pool B included histologically normal thyroid adjacent to papillary thyroid carcinoma datasets (Supplementary Table 1) , thus allowing the Table 2 The genomic segments significantly over-expressed in the total normal thyroid (Pool A) vs. histologically normal thyroid adjacent to papillary thyroid carcinoma (Pool B) differential transcriptome map. Over-expressed genes are in bold, underexpressed genes are with an asterisk and in bold. Under-expressed genomic segments were not found. creation of a differential expression map between the two biological conditions along with the maps for each separate condition. Thresholding of sample expression values equal to or lower than "0" (0) [2] , calculation of the mean expression value for each locus and determination of percentiles of expression for each gene have been previously described [2, 3] . The parameters for the "Map" mode graphical representation were chosen based on the gene distribution in human genome [7, 8] (window size of 500,000 base pairs or bp and a shift of 250,000 bp). For each segment, its expression value, the over-/under-expression and the statistical significance have been calculated by TRAM as described [3, 5] .
Apart from gene expression analyses, these data might be used in metabolic network models [9e12] for the validation of hypotheses about the relationships among mRNA levels, corresponding enzymatic proteins and the quantities of their substrates or products obtained by metabolome experiments [13, 14] .
The data related to the human normal whole thyroid have already been experimentally validated by "Real-Time" reverse transcription polymerase chain reaction obtaining an excellent correlation coefficient (r¼0.93) between in vitro and in silico data as previously described [1] .
It was not possible to validate the data related to histologically normal thyroid gland adjacent to papillary thyroid carcinoma because commercial RNA of this particular type of tissue is not available, however experimental validations of the results obtained in several previous studies [1, 2] show that the results provided by the TRAM tool were highly reliable [15] .
Functional enrichment analysis
An enrichment function analysis was performed for three arbitrarily chosen intervals of ratio of the mean gene expression values: expression ratio close to one (0.70e1.29) implying that the genes are not differentially expressed between histologically normal thyroid adjacent to papillary thyroid carcinoma and total thyroid, expression ratio 1.30 (1.30e10.00) and expression ratio <0.7 (0.69e0). The first interval includes 13,104 loci, the second 6,686, the third 4,854, respectively (Supplementary Table 3 ). The analysis was performed using "ToppFun" from the "ToppGene Suite" Gene Ontology tool [16] . We submitted the list of genes with expression ratio 1.30 and a list of genes of all the chromosomes with expression ratio <0.7, excluding EST clusters. The selected genes were categorized according to GO classification based on their hypothetical molecular functions and biological processes. The analysis was assessed for Molecular Function and Biological Process and Cellular Component categories.
Housekeeping gene search
A search of housekeeping genes best suitable for the study of histologically normal thyroid adjacent to papillary thyroid carcinoma (Pool B) has been performed using an optimal combination of parameters [15, 17] : in this case, expression value >100, number of data points 20 and SD, expressed as a percentage of the mean value, 30. Genes are sorted in ascending order of SD as percentage of the mean value. In bold, the two best genes at behaving like housekeeping genes due to a combination of a low SD, a high expression value and a high number of data points. Following checking in the "Values B" TRAM table, the 40 (TG), and the 40 (RPLP41) data points are derived from all the 40 samples of the histologically normal thyroid adjacent to papillary thyroid carcinoma dataset analyzed.
